Objective: There is no definitive guideline for the significance and cut-off value of squamouscell carcinoma antigen (SCC-Ag) in cervical cancer. Thus, we analyzed the significance and optimal cut-off value of SCC-Ag for predicting tumor recurrence and patient survival in squamous-cell carcinoma of uterine cervix. Methods: From January 2010 to October 2016, we enrolled 304 cervical cancer patients with squamous-cell carcinoma staging International Federation of Gynecology and Obstetrics (FIGO) Ib-IVa and treated with definitive chemoradiotherapy (CRT) followed by intracavitary radiotherapy (ICR). The cut-off value of SCC-Ag level for tumor recurrence was calculated using the receiver operating characteristic (ROC) curve. The recurrence-free survival (RFS) and overall survival (OS) were assessed using Kaplan-Meier method to estimate the significance of SCC-Ag level. Results: The optimal cut-off value of SCC-Ag level for predicting tumor recurrence was calculated and set at 4.0 ng/mL in the ROC curve. After a median follow-up period of 36.5 months, the 3-year RFS (56.6% vs. 80.2%, p<0.001) and OS (72.1% vs. 86.8%, p=0.005) were significantly lower in SCC-Ag ≥4 ng/mL arm than in <4 ng/mL arm. The 3-year locoregional recurrence (17.6% vs. 7.0%, p=0.012), distant metastasis (20.4% vs. 6.9%, p=0.002), and para-aortic recurrence (9.4% vs. 2.1%, p=0.012) rates were significantly higher in SCC-Ag ≥4 ng/mL arm than in SCC-Ag <4 ng/mL arm. Conclusion: Pre-treatment SCC-Ag level higher than 4 ng/mL may be a useful predictor of tumor recurrence in patients with squamous-cell carcinoma of uterine cervix treated with definitive CRT and ICR.
Significance of elevated SCC-Ag level on tumor recurrence and patient survival in patients with squamous-cell carcinoma of uterine cervix following definitive chemoradiotherapy: a multi-institutional analysis
INTRODUCTION
Uterine cervix cancer is a malignancy with a high incidence in women, and it is the 4th common female tumor globally [1] . In early cervical cancer, the cure rate without recurrence based on surgery or chemoradiotherapy (CRT) is high, but the mortality rate increases in advanced stages or delayed detection of tumor recurrence [2, 3] . Several studies reported clinical factors of tumor recurrence and patient survival for advanced cervical cancer. Known predictive factors of tumor recurrence in cervical cancer include primary tumor size and nodal involvement [4, 5] . Postoperative pathological findings including surgical margin involvement and deep stromal and lymphovascular invasion are associated with patient's poor prognosis [6] . However, these factors are determined surgically. In the era when CRT with curative intent is mainly performed for advanced cervical cancer, several studies focused on the predictors of tumor recurrence and patient survival before treatment.
Until now, no definitive tumor marker is available at initial diagnosis or surveillance, to predict tumor recurrence in cervical cancer. In a few studies, squamous-cell carcinoma antigen (SCC-Ag) which was a subfraction of tumor-associated antigen and derived from the tissues of squamous-cell carcinoma exhibited higher sensitivity during initial diagnosis of squamouscell cervical cancer than tissue polypeptide antigen (TPA), carcinoembryonic antigen (CEA), and cancer antigen 125 (CA 125) [7, 8] . In addition, SCC-Ag level was associated with tumor stage and nodal involvement in cervical cancer [9, 10] . Since 1990s, most studies set the cut-off value of SCC-Ag level for tumor recurrence at 1.5-2.5 ng/mL. However, no consensus is available regarding this value [11] [12] [13] [14] [15] [16] [17] . SCC-Ag is elevated in 28%-88% of all patients with squamous-cell carcinoma of uterine cervix, which is considered as a useful diagnostic tool, although it has a weak influence on prognosis of cervical cancer [8] .
In this multi-center study, we determined the optimal cut-off value of SCC-Ag for the prediction of tumor recurrence in squamous-cell carcinoma of uterine cervix and analyzed its significance on patient survival.
MATERIALS AND METHODS

Patients
We performed a multi-institutional analysis of patients with cervical cancer treated with definitive CRT and intra-cavitary radiotherapy (ICR) as a radical approach. Eligible criteria were as follows: 1) squamous cell carcinoma of uterine cervix; 2) International Federation of Gynecology and Obstetrics (FIGO) stage Ib-IVa; and 3) lymph node (LN) localization in the pelvic regional area. Patients with distant metastasis (DM) or significant para-aortic lymph nodes (PANs) or adenocarcinoma of uterine cervix were excluded from this study. Staging workups included pelvic examination, flexible sigmoidoscopy, chest and abdomniopelvic computed tomography (CT), pelvic magnetic resonance imaging (MRI), and SCC-Ag measurements. The short-axis diameter of LN of >5 mm observed on MRI was considered positive [18] . Positron emission tomography (PET)-CT is optional in our study. We consider the short-axis diameter of PAN ≥1.0 cm in abdomen CT and/or positive PAN in PET-CT as M1. SCC-Ag levels were evaluated before and after radiotherapy. Serum SCC-Ag was measured using an immunoradiometric assay with the ARCHITECT SCC kit (Abbott Diagnostics, Chicago, IL, USA).
Treatment
Patients underwent three-dimensional or intensity-modulated external-beam radiotherapy followed by ICR. All patients underwent CT-based simulation for external-beam radiotherapy and received 45 to 66 Gy (median, 50.4 Gy) of radiation. 126 patients underwent boost irradiation up to 3.6-16 Gy (median, 9.0 Gy) for parametrial invasive tumor or pelvic metastatic LN after 45 to 50.4 Gy of pelvic irradiation. Concurrent 6 cycles of weekly cisplatin (40 mg/m 2 ) was administered with radiotherapy. High-dose rate ICR of 20 to 30 Gy in 4 to 6 fractions (median 30 Gy in 6 fractions) was delivered following CRT.
Evaluation and follow-up
After the completion of radiotherapy, patients were followed up every 3 to 6 months for 5 years. The initial response was evaluated with the Response Evaluation Criteria in Solid Tumors (RECIST) criteria in the follow-up MRI at 3 months after completion of radiotherapy.
Locoregional recurrence (LRR) was defined as recurrence in the pelvic cavity. The stable or progressive disease on the follow-up MRI was assessed as LRR. DM was defined as nodal recurrence out of pelvic cavity or recurrence at other distant organs. Para-aortic recurrence (PAR) was defined as recurrence in para-aortic nodal area but not in distant organs. Recurrence-free survival (RFS) was defined as interval between the time of initial diagnosis and recurrence, last follow-up or death. Overall survival (OS) was defined as interval from the initial diagnosis to death or last follow-up.
Statistical analyses
The cut-off value of SCC-Ag for tumor recurrence was calculated using the receiver operating characteristic (ROC) curve. The recurrence and survival rates were calculated using the Kaplan-Meier method and compared using the log-rank test between 2 groups in the univariate analysis. We evaluated the prognostic factors for recurrence and survival using Cox proportional hazards regression model in the multivariate analysis. Independent t-test was used to compare continuous variables and χ 2 test was used to compare categorical variables between 2 groups. A p-value <0.05 was considered as statistically significant one. For multiple comparisons of recurrence and survival rates among 3 groups, the Bonferroni adjustment was applied. Statistical analyses were performed using SPSS statistical software (IBM Corp., Armonk, NY, USA) and R version 3.1.2 (R Development Core Team, Vienna, Austria).
RESULTS
From January 2010 to October 2016, a total of 305 patients were treated at five tertiary institutions, and 304 patients were finally included in this study, except one who failed to complete planned radiotherapy. The follow-up time ranged from 6 to 55.4 months (median 36.5 months). Patient characteristics are detailed in Table 1 . Advanced FIGO stage higher than IIb was diagnosed in 254 (83.6%) out of 304 patients and 164 (53.9%) out of 304 patients had positive pelvic LNs. The median cervical tumor size was 4.5 cm and 156 (51.3%) out of 304 patients had a cervical mass greater than 4.5 cm.
There were a total of 66 (21.7%) cases of tumor recurrence and 65 (21.4%) cases of death. The ROC curve was used to determine the optimal cut-off value of the SCC-Ag level associated with tumor recurrence. The threshold was calculated using the Youden index [maximum (sensitivity+specificity−1)] and the results showed a Youden index at 4.0 ng/mL (sensitivity, 0.803; specificity, 0.487; positive predictive value, 0.293; negative predictive value, 0.894; accuracy, 0.536; efficiency, 0.700; all p<0.001) (Fig. 1) . Thus, the cut-off value of initial SCC-Ag level was set at 4.0 ng/mL. The number of patients with SCC-Ag ≥4 ng/mL and <4 ng/mL were 181 and 123, respectively. Patient characteristics of the two groups were compared when the cut-off value was 4 ng/mL in Table 2 . SCC-Ag ≥4 ng/mL arm was associated with significantly higher FIGO stage (p=0.003), larger tumor size (p<0.001), and pelvic LN involvement (p=0.001) than SCC-Ag <4 ng/mL arm. We divided enrolled patients into 3 groups using the data-derived method for selecting the optimal cut-off (based on pre-CRT SCC-Ag; group A: <1.5 ng/mL; group B: ≥1.5 and <4.0 ng/mL; and group C: ≥4.0 ng/mL). The 3-year RFS was significantly lower in group C than in groups A or B (91.3% vs. 74.4% vs. 56.6%, p<0.001: Bonferroni correction). The 3-year OS was significantly lower in group C than in groups A or B (94.7% vs. 83.2% vs. 72.1%, p=0.015: Bonferroni correction). However, there is no significant difference in RFS (p=0.456) and OS (p=0.472) between groups A and B. Thus, we categorize the enrolled patients into 2 groups with pre-CRT SCC-Ag <4 ng/mL and SCC-Ag ≥4 ng/mL arms which significantly differs in RFS and OS. The 3-year RFS and OS rates for all cohorts were 66.0% and 78.2%, respectively. The 3-year RFS (56.6% vs. 80.2%, p<0.001) and OS (72.1% vs. 86.8%, p=0.005) rates were significantly lower in the SCC-Ag ≥4 ng/mL arm than in the SCC-Ag <4 ng/mL arm (Fig. 2) p=0.002: Bonferroni correction). The 3-year OS was significantly higher in group A than in groups B or C (86.5% vs. % 62.7 vs. 53.7%; p=0.001: Bonferroni correction) ( Supplementary  Fig. 1 ). However, there is no significant difference in RFS (p=0.540) and OS (p=0.197) between groups B and C.
Significance of SCC-Ag level in cervical cancer
The factors associated with RFS after definitive CRT are summarized in There were 37 (12.2%) cases for LRR, 40 (13.2%) for DM, and 17 (5.6%) for PAR among a total of 66 recurrences. The 3-year LRR rates were 17.6% in the SCC-Ag ≥4 ng/mL arm and 7.0% in the SCC-Ag <4 ng/mL arm, respectively (p=0.012; Fig. 3A) . The 3-year DM rates were 20.4% in the SCC-Ag ≥4 ng/mL arm and 6.9% in the SCC-Ag <4 ng/mL arm, respectively (p=0.002; Fig. 3B ). The 3-year PAR rates were 9.4% in the SCC-Ag ≥4 ng/mL arm and 2.1% in the SCC-Ag <4 ng/mL arm, respectively (p=0.012; Fig. 3C ). In 66 patients who had relapsed, the median value of SCC-Ag level measured at disease recurrence was 3.4 ng/mL (range, 0.5-114.4). 37 (56.1%) had SCC-Ag level <4 ng/mL and 29 (43.9%) had SCC-Ag level ≥4 ng/mL.
DISCUSSION
In a radioimmunoassay study for tumor antigens, SCC-Ag increased in squamous epithelium of uterine cervix during malignant transformation [7] . Currently, the levels of SCC-Ag are measured using an immunoradiometric assay in which anti-bead-coated antibodies are reacted non-competitively with labeled and radiolabeled antibodies [19] . SCC-Ag has been studied in other squamous-cell malignancies, including those of the lung, esophagus, head and neck, anal canal, and skin [19, 20] .
In our multi-institutional analysis, at an initial SCC-Ag concentration of 4 ng/mL, the difference in 3-year OS and RFS was statistically significant. Evidence was scarce to support that SCC-Ag was a significant predictor of RFS and OS at the cut-off value of 1.5-2.5 ng/mL used in clinical practice. In previous studies, there was no significant difference in OS and disease-free survival (DFS) when the cut-off value of initial SCC-Ag was set at 1.5 ng/mL [19] [20] [21] . Hong et al. [22] evaluated the 5-year disease-specific survival of each group by dividing the cut-off values of initial SCC-Ag into <2, 2-10, and >10 ng/mL groups, respectively, in FIGO stage I-IVa patients treated with radiotherapy. There was no significant difference among the results at <2, 2-10, and >10 ng/mL.
Ohno et al. [23] divided patients with squamous cell carcinoma of uterine cervix treated with radiotherapy in the initial FIGO stage I-IVa into the following groups: (A) 1.5-5 ng/mL, (B) 5-30 ng/mL, and (C) >30 ng/mL. Significant differences in DFS were found only in B and C groups. These studies did not use the cut-off values based on the ROC curve. Therefore, it was considered as a limitation in verifying the statistical significance of the sensitivity and specificity. In our study, we calculated the cut-off value of SCC-Ag using the Youden index in the ROC curve and analyzed the patients treated with concurrent CRT as standard treatment for localized uterine cervical cancer. The optimal cut-off of SCC-Ag level for LRR or PAR was at 4.25-4.35 ng/mL, which was similar to that of SCC-Ag level for all recurrences in our study (Supplementary Table 1) . SCC-Ag level showed significant differences in tumor size, FIGO stage, and LN involvement between patients with SCC-Ag ≥4 ng/mL and those with <4 ng/ mL. Duk et al. [9] demonstrated via t-test that an elevation in SCC-Ag was associated with unfavorable clinicopathological factors in early-stage SCC following radical hysterectomy. We performed a logistic regression analysis of the clinical factors associated with SCC-Ag in patients at all stages undergoing radical CRT.
Our results showed that SCC-Ag is an independent significant factor (HR=2.02; 95% CI=1.26-3.24; p=0.004) that affects the RFS irrespective of tumor size, nodal involvement, and FIGO stage, which are known as strong prognostic clinical factors. Our study also showed that large tumor size was a significant factor of RFS in the multivariate analysis. Especially, tumor size (p=0.001) showed a more significant p-value than SCC-Ag level (p=0.004). Our results were in accordance with previous reports that cervical tumor size was an independent prognostic factor for recurrence and survival [24, 25] . In Perez et al. [25] , increased tumor size (<3 cm vs. 3-5 cm vs. >5 cm) was significantly associated with decreased RFS in FIGO Ib to III cervical tumor.
Based on a cut-off value of 4 ng/mL, there were significant differences in all recurrences and metastases. Hirakawa et al. [26] found that the cut-off value of SCC-Ag, 1.5 ng/mL at initial diagnosis did not show significant differences in locoregional or distant recurrence. They just demonstrated that an identification of patients at high risk of DM is important and SCC-Ag level immediately after CRT showed a significant factor for the DM. In our study, the cut-off value, 4 ng/mL at initial diagnosis was a significant predictor of LRR, PAR, and DM, suggesting that initial SCC-Ag level was a valuable biomarker for the management of cervical tumor. In previous series, SCC-Ag decreased after 4-6 weeks after radiotherapy and SCC-Ag level within 4 weeks after radiotherapy had no predictive value for tumor recurrence in cervical cancer [27, 28] . In our study, SCC-Ag level was re-evaluated between 4 and 12 weeks after radiotherapy and it was shown that the risk of disease relapse could be higher if it was maintained above 1.5 ng/mL during this period. Hong et al. [22] demonstrated that non-normalization of SCC-Ag level 3 months after radiotherapy was a significant predictor of reduced survival rate due to the DM.
There are several limitations in our study. This study was conducted as a retrospective one. Thus, our study should be understood in view of the inherent biases of a retrospective study design. In our retrospective study, patients' data from 5 institutions were not centrally reviewed. Thus, we acknowledge that substantial differences or disparities between local reporting and central assessment can exist in this multicenter study. However, there is no statistically significant difference in patient characteristics, treatment outcomes, and followup durations across five institutions (Supplementary Fig. 2 ). The median follow-up duration was relatively short of 36.5 months, which was just analyzed by 3-year RFS and OS. However, we undertook a multi-center study which enrolled a large cohort to minimize its biases. We used Youden index which was a frequently-used measure of the ROC curve for determining the cut-off point of SCC-Ag for tumor recurrence. It evaluates the effectiveness of a diagnostic marker and enables the selection of an optimal cut-off point for the marker [29] . The cut-off point may differ according to the combination of enrollments and the event that we select
